where the peaks of the signal interference pattern coincide with the intensity minima (solid curve) or maxima (dashed curve) of the pump interference pattern. For a comparison, the gain in the incoherent case where the signal waves do not interfere is also shown in (c) (dashdot curve). The intensities of the counterpropagating signal waves are assumed to be equal.
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CWBI Fig. 2.
Reflectivity of three-level amplifier that is attached to an ideal mirror versus the detuning between the signal and the pump interference patterns ( A k l s 2ks -kp, where kp and k, are the wave numbers of the signal and pump waves, and I is the amplifier length).
The figure indicates that the sign of Re{ gl}, which determines whether the diffraction from the induced grating increases or decreases the total gain, is dependent on the relative phase between the interference patterns of the pump and the signal waves. The performance of a lightwave communication system can be affected by the laser's relative intensity noise (RIN) and mode partition noise (MPN). In addition, measurements of RIN after propagation in fiber can be used to obtain several important intrinsic laser parameters. Therefore an accurate and simple model sary.
We report here an effect of MPN that can affect RIN in low-noise distributed feedback (DFB) lasers even with side-mode suppression ratios (SMSRs) higher than 40 dB and at frequencies up to 5 GHz, and which cannot be explained by previous single-mode models as in Marshall et a1.I
We present a multimode theory of RIN afof RIN after dispersive propagation is neces- Frequercy (GHz) ter propagation in fiber in which the effect of FM to AM conversion in the fiber has been included via a generalization of the transfer function approach in Ref. 1 to the multimode case. The additional parameters that are needed in this multimode model are experimentally obtained from a measurement of the optical spectrum. This allows us to get theoretical fits that agree well with experimental measurements of RIN.
Since the gain spectrum in semiconductor lasers is broad, there usually exist many weak Fabry-Perot side modes that have similar optical power (see Fig. 1 ). These modes, while greatly suppressed relative to the main mode, together still can contribute enough power to affect the RIN after propagation in dispersive media such as optical fiber or fiber gratings. We find that even a multimode theory that includes a strong side mode does not necessarily predict what is experimentally observed.
The side modes are treated here as additive noise sources driving the carrier density and the photon density of the main mode. This simplification allows inclusion into the model of many side modes without much increase in computational cost.
We measured the RIN of a DFB laser before and after propagation in various lengths of standard single-mode optical fiber (Figs. 2 and  3) . We also measured the optical spectrum (see Fig. 1 ) to determine the power in -40 side modes, together with their separation from the CWCl Fig. 3. lUN measured after 4 .4 km of fiber at Pout=16.4 mW, Ibias=4.1 Ith, SMSR=40 dB. The dots are experimental points after fiber, whereas crosses are before fiber. The solid line is the multimode theory and the dashed line is single-mode theory. main mode. These data were input to our model, which satisfactorily explains the RIN measured.
Laser parameters were estimated from the RIN with and without fiber so as to obtain the best fits. For some fiber lengths the singlemode theory predicts a reduction in RIN,' which is not necessarily achieved experimentally due to these multimode effects. We have also observed a similar increase in RIN when a grating is used as optical filter. A multisection laser is an ideal candidate for such a laser source because it has the ability to have its output wavelength changed by varying the currents on different electrodes. Lasers of this type can be widely tunable, with ranges of up to 40 nm.' However the difficulty in implementing this type of device as an addressable source arises in obtaining the feedback information of lasing wavelength needed to accurately set or reset the controlling currents to achieve the desired wavelength. A simple and efficient way to address this issue is to use a wavelength monitoring circuit to determine the output wavelength and use the feedback to control the current of each section for wavelength tuning.
Figure l a shows the schematic diagram of our wavelength addressable laser setup. A small reference signal, tapped from the tunable laser, is sent to wavelength monitoring circuit, based on a specially designed 4 X 8
We use one pair of inputs to monitor the laser wavelength. The logarithm ratio between the output throughputs of Aj (A port input, output channel number j) and Bj.I (B port input, output channel number j-1) has a linear characteristic with respect to the input wavelength (see Fig. 1b ). Thus the precise wavelength can be readily determined by using this discrimination curve. Since each curve does not cover the full wavelength range of the channel spacing-the crosstalk figure of about -25dB to -30dB for our current PAWGs limits the useful range of the discrimination curves to 75% of the channel spacing or less-two pairs of input ports are used in our system to provide a complete coverage of the wavelength range. Figure IC shows the measured discrimination curves for our PAWG device. The tunable laser used in this experiment is an electroabsorption modulated laser (EML) device integrated with a bent waveguide DFB laser,3 with three current injection electrodes. Figure 2a shows the current conditions and tuning characteristics of the laser. The central electrode, I,, is used to fine tune the lasing wavelength, while the two side electrodes (Ib and If) are used to set the lasing wavelength to the International Telecommunications Union (ITU) wavelengths at the center of each tuning curve. A total tuning range of 2.7 nm was observed and wavelength tuning efficiency of I, is about 0.01 nm/mA.
To set the laser to an addressed ITU wavelength, h,, we first set the currents Ifand Ib to their corresponding biases and the current 1,to the "best-guessed" value as determined by the calibration curves. The lasing wavelength, hi, is then measured by the monitoring system.
Based on the wavelength difference AXl = X, -A; , a modified current I, is determined and
